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COMPLETE SPECIFICATION. 

Method of Degositissg Metal Coatings ia Holes, Tabes, Cracks, 
Fissures and the Like, 



We. Union c:.iB8t!>e Corporation, Linde 
Division, a New York corporation, of 270 
Park Avenue, New York 17, New York. 
United Siates of America, do hereby dedare 
the invention, for which wc pray chat a 
paten: may be granted so us, and the method 
by which H is to be performed, to be par- 
Sicularly described in and by the following 
statement: — 

This invention relates to pas plating of 
metals, and provides a. method of depositing 
metal ratings uniformly on substrate sur- 
faces having holes, tubes, cracks, fissures, 
cavities and sanilar inaccessible recessed 
areas therein by means of thermal decom- 
position of vaporized compounds of metals 
under conditions of repetitive variation of 
pressure. 

It has long been difficult 



elec 



meSals evenly in 1 
ties and the like inaccessible places. It is 
equally difficult lo accomplish this by other 
metal coating methods, fot example by flame 

28 or arc spraying, or by vacuum metallizing. 
Plating by chemical immersion or reduction 
has been employed for depositing metal on 
the inside of tubular shapes but this method 
is limited as to the metals that can be de- 

30 posited. Moreover, the speed of plating is 
slaw, and tlte character of deposit is poor. 

An example of the inadequacy of present 
coating techniques is she inability to produce 
satisfactory metal deposits ir> dead-end holes 

35 or fissures. Electroplating methods can ac- 
complish this only by placing an electrode in 
sut h cavities, and' this <s impossible when the 
openings are small, and this method is other- 
wise impractical and uneconomical. Cherai- 

'10 cat immersion or reduction ©recesses have 
6rf.j 



also been employed for plating holes or 
cavities, but such methods as are currently 
used require circulation of she plating solu- 
tion through the holes or fissures which is 
diftjcvl; u> accomplish .particularly where 45 
the hole or cavity is very small Further, 
employing chemical reduction methods for 
plating metal it has been fount! that gener- 
ally the mctai deposit is exceedingly brittle. 
Similarly, it has been observed by test runs 50 
that vacuum deposition using spray coatings 
of metal a*© wapt because of the eon- 
uniformity of the metal deposit produced 
and the impracticability of the method for 
depositing metal in small holes and crevices. 55 

According to the invention there is pro- 
vided a method of depositing metal on sub- 
strate surfaces having holes, crevices, small 
voids, cavities or dead end fissures therein, 
or bores extending therethrough, which 60 
method comprises the steps of mtxoducing a 
thermally decomposable metal plating gas 
onto said surfaces to lie plated with metal, 
heating said surfaces arid contacting said 
surfaces with the plating gas while said sur- 65 
faces are at a temperature to cause the de- 
composition of said plating gas and deposi- 
tion of metal thereon, and subjecting said 
plating gas to pulsating pressure conditions 
in which said gas pressure is alternately and 10 
repetitively reduced and increased so that 
during a reduction in pressure gaseous de- 
composition products formed during the plat- 
ing operation are withdrawn from the holes, 
crevices or the like to permit Use re-entry 15 
therein of fresh thermally decomposable 
gases during a sttbsccraens increase In gas 
pressure, whereby a uniform plating is simul- 
taneously obtained on said surfaces and the 
holes, crevices or the like therein. 80 
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Employing pulsating racial plating vapors 
during gas ohv.m. m accordance wish the 

r , ; Jeposticd thvoug 

the walls of the bore, holt or cavity. Usiag 
Bea-puisaiijag gas plating methods, as ia con- 
ventional gas plating practices, these im- 
proved plating results are sot obtained. The 
process of the • 5 makes it pos- 

sible So depo i! tigs tss such in- 

accessible areas by employing tils modified 
gas plating process as described. 

The pulsated gas pressure undulations or 
compression waves in the gas plating cham- 
ber may be produced in any suitable manner. 
For example, by alternated and repetitively 
creating a vacuum or rari&d atmosphere in 
the plating chamber and then Ming, the 
chamber with vapors of the therraaUy de- 
composable metal bearing compound with 
or without the presence of a carrier gas or 
other vapors or gases, 

Pulsattoa of the plating gas also may be 
accomplished by perioctaliy shutting off 
and oa the flow of the plating gas to the 
plating chamber or plating area. Tats method 
permits the gas pressure to build up behind 
tlie shut off point or valve, then upon open- 
ixsg of the valve the plating gas surges into 
the plating chamber or area to be plated, 
creatisg the pulsation. Use of moving walls 
or diaphragms, as well as sound waves may 
be employed, jis desired, to produce the 
plating gas pressure pulsations white In con- 
tact with the area to be pkted. 

In the accompanying drawings:— 

Figure I 1 , on, and partly 

in section, illustrating s suitable arrange- 
ment for carrying out a pulsating gas plating 
of an elongated article fusviag a small central 
bore extending: therethrough; 

Figure 2 is a view In section of a modifica- 
tion for gas plating metal into dead end 
cracks and crevices; 

Figure 3 illustrates in elevation a rotary 
valve useful for periodically interrupting the 
flow of plating gas to the plating chamber; 

Figure 4 illustrates a modification of the 
arrangement shown in Figure i, and where 
two solenoid operated valves are utilized; 
and 

Figure 5 illustrates a still further modifica- 
tion where the pulsation of gases in the 
plating chamber is subjected to sonic wave 
vibration.? during gas plating. 

Referring to the drawings in more detail, 
in Figure 1 the gas plating arrangement 
shown comprises a racial rod 10 having a 
small diameter bore ii which extends the 
length of the rod from an inlet opening 14 
to an outlet opening 15. 

Connected at the inlet 14 is a conduit 17 
having an adapter portion 38 hermetically 
sealed thereto, the conduit being connected 
to a pressurized source of nickel carbonyi 
vapors. A solenoid operated valve 20 In the 



conduit 17 controls the passage of gaseous 
carbonyi passing to the bore 11 from the 
source through pips 21 aad conduit 17. An 
exhaust Sate 23 is connected to the outlet 
opening 15. Waste gases are preferably 70 
passed to a condenser, not shown, and the 
re-usable portions recirculated back to the 
metal carbonyi source or generator for re- 
turn to the gas plating system. 

An electrical heating coil 25 is utilized 75 
to beat the rod 10 to a temperature high 
enough so that the walls of the bore 1 1 are 
about 400 0 F so thai the gaseous nickel 
caxboayl is thermally decomposed in the 
bore. 80 

To cause pressure pulsation of the piating 
carbonyi gas, the solenoid vaive 20 is re- 
peatedly opened and dosed by a motor 
driven "electrical timer 27, Qusck opening 
and dosing Of the valve sets up pulsations B6 
of ihe plating carbonyi gas in the bore so 
that subsiantisHy uniform deposition of 
metal occurs throughout the length of the 
bore. 

Is place of a solenoid operated vaive. a 90 
rotary valve 25, such as illustrated in Figure 
3, may be used. 

In the pulsated gas plating arrangement 
shown in Figure ?., a modified tectangukr 
pktiag cfearoW 32 is t ' ug sale 95 

walls 34 and 35 hermetically sealed, as at 
36 and 37, to a casting 40 whereby a crack 
or crevice 42 is enclosed. Metal plating gas 
(lows frora a pressurized source through the 
pulsating valve 44, ink' ■■■■■ h ;'. md into 100 
the plating chamber 46 and is pulsated into 
ihe crevice 42 where the metai beating gas 
is decomposed to deposit the metal in the 
crevice. Waste gas is discharged from the 
plating chamber through conduit 48. 105 

Referring to the pulsating gas plating 
arrangement illustrated in Figure 4 is a 
modification of that shown in Figure 1. In 
the modification a gas plating chamber 50 is 
provided with an inlet 52 and an outlet 54 110 
through which pulsating gas plating vapors 
are conducted to the plating chamber and 
the waste gases from the chamber. The inlet 
52 is connected to a solenoid operated 
valve 56 which in turn is connected 115 
with a heated expansion compartment 57 
for vaporizing the metal carbonyi admitted 
thereto from a pressurized source as indi- 
cated by the arrow in Figure 4. For heating 
the compartment 57 a heater coil 58 is pro- 120 
vided, the heating being kept below ihe tem- 
perature which would cause the- metal bear* 
mg gas to decompose. In the use of metal 
carbonyis the temperature of this compart- 
ment is just enough to vaporize ihe metal 126 
carbonyi. 

A second solenoid operated valve 60 is 
connected to the outlet 54 of the plating 
chamber for controlling tfte flow of waste 
gas from the piating chamber. Bosh valves 130 



are suitably operated electrically by a 
motorized rotatable electrical timing .switch 
mechanism 62. The exhaust line & is con- 
nected so a vacuum pump. A pattern 65 
5 shaped of plater of parts at t 

coated contour surfaces 66 for reprcxluciio.fi. 
is disposed in the plating chamber 50. To 
heat the pattern a resistance heater element 
67 is suitably arranged in the bottom of the 
to plating chamber and heat insulated there- 
from to prevent metal from being deposited 
thereon. Deposited metal from decomposi- 
iion of Use gaseous fnetai compi3und„ as 
illustrated at 70, forms a metal reproduction 
15 of the pattern or mold surface 66, 

To provide a pulsating plating gas mix- 
ture in the plating chamber during tits pro- 
cess, the vacuum pump and timing switch 
means 62 are operated to evacuate the piat- 
ingchantbei iifiendy open and close 

die valves 56 attd 60 as described in Example 
2. Using nickel cartway! as the plating i>as, 
a substantially uniform deposit of raetaf on 
the substrate pattern surface is achieved. 
25 In Figure 5 a modified plating arrange- 
ment is shown wherein use is made of a 
some vibrator for creating a pulsating gas 
plating atmosphere. In this arrange, 
meat the plating chamber 75 is pro- 
30 viderf with an inlet 77 and an outlet 78, for 
introducing metal plating gas, as indicated 
by the arrows on the drawings Preferable 
the plating chamber is dome-shaped and 
equipped with a sonic vibrator SO which is 
'■'■•> electrically actuated by a motor 81. During 
gas plating the sonic vibrator is actuated to 
create sound waves of relatively low 
frequency, e.g., 10 to 40 cycles per second 
(c.p.s.) and preferably 30 to 20 c.p.s. is cm- 
40 ployed. 

A moid or pattern shape 84 is arranged 
in the plating chamber 75 and is suitably 
heated as by a resistance heater 86 disposed 
beneath the pattern. The sonie pulsations 
45 created during the gas plating improves the 
metal deposited, as at 88, whereby greater 
depth of metal deposition is effected in the 
contours and indentations of the substrate 
pattern surface than is obtained without the 
GO use of sonic pulsations. Utilizing such a 
sonic pulsated plating gas improved deposits 
of metal on the pattern are obtained, par- 
ticularly in recesses and corners which are 
ordinarily difficult to metal plate satisfac- 
torily. It may be desirable to use a sonie 
vibrator in conjunction with the arrange- 
ments described with reference to Figures 1 
to 4. 

The pressure variations to produce pulsa- 
60 tlon of the plating gas are preferably 
accomplished with some degree of speed": 
otherwise with a steady moderate flow of 
vapors and gases suitable for thermally de- 
positing «;>■ g tatit^g will tend to 
85 build up heavily on the first heated surface 



i 1 iing from the plating gas 
mixture the vapors of the metal comp ■ tn 1 
whereby succeeding areas contacted by the 
resultant metal depleted olate at a much 
slower rate, K> 

The following examples are exemplary of 
how the process of ine invention may be 
utilized. 

EXAMPLE 1. 

Nickel metal is deposited on the walls of 75 
a "through" bore of 1/16 inch in diameter 
ia a brass forging approximately two inches 
in length. This is accomplished by heating 
the forging externally to approximately 
400 t T, and passing mixture of carbon mon- 80 
oxide and vaporized nickel carbonyl through 
the bore. A solenoid operated valve, as 
illustrated in Figure I. is used to control 
p.sssage of the plating gas mixture to the 
bore, the motorized electrical thriing switch 85 
is set to cause the valve to remain open one 
second and then closed for one second. This 
operation is repeated to bring about pulsa- 
tion of the plating gases. The process is 
continued for about 20 minutes or until 90 
about 0.005". of nickel is deposited in the 
bore, with a thickness variation of 0.001". 

During operation (:■£ the process, when the 
solenoid operated valve is closed, pressure of 
the plating gas accumulates behind it and 95 
upon opening of the valve, a quick puff of 
the plating gas mixture flows through. If the 
valve is left open and the plating is con- 
tinuous, the metal deposit tends to build up 
at the bore or hole entrance and drops off 100 
substantially at the exit. 

EXAMPLE 2. 
in this instance a casting having crack or 
dead-end fissure in the same is subjected to 
a pulsating gas as illustrated in Figure 2. and 105 
employing a vacuum pump connected to the 
exhaust. The plating is carried out similarly 
as described in Example 3, with a solenoid 
operated valve connected at the inlet to the 
plating chamber, the latter enclosing the sur- 110 
face portion of the casting. The pulsating 
plating gas penetrates into the crack and 
metal is deposited upon heating the casting 
while the pulsating metal bearing gas is 
brought in contact with the cracked casting 115 
area. 

EXAMPLE 3. 
In this example, a pulsating gas plating 
apparatus, such as illustrated in Figure 4. 
is employed to gas plate nickel on a mold 120 
pattern to form a replies thereof. The. 
pattern, which Is fenned of a low melting 
alloy comprises a spherical-shaped article 
having small fissures extending over the 
surface, some of which extend to a depth of 125 
3/8 of an inch. By heating the mold sur- 
face- in a vacuum pump equipped chambes 
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to 400*F and ex; osing h« heated mold sur- 
face to pulsatiajj nickel carbonyl vassors, 
aickel metal is deposited in the fissures. 
Without potest ' , * > aing gas ana simply 
beating and contacting the pattern with the 

i ij i nieta 
posited in the fissures. 

The Inlet to the plating chamber is pro- 
vided with s n< id pi ated valve which 
is actuated periodically to admit vapors of 
nickel carbonyl in a pulsating umwet. The 
outlet to toe plating charabcr is suitably 
connected through a second solenoid actua- 
ted valve to a vacuam pump. Both of the 
valves are operated electrically by a 
motorized rotating electrical timing switch. 
A heated expansion eorapartraeit! is con- 
nected into the Sine between the nickel 
carbonyl source and the plating chamber to 
assure "that the nickel carbonyl wilt be com- 
pletely vaporized before entcrmg the gas 
plating chamber, the metal carbonyl being 
heated in the expansion compartment to a 
temperature below that at which the same 



in carrying out the pulsated gas plating 
using the apparatus described, after efax 
space in the lines and the 
chamber is filled with carbon 



the outlet valve open, the plating chamber 
is exhausted its 30 seconds to provide a 
vacuum pressure of 28 inches of Hg. Mean- 
while die heated expansion chamber fills with 
vapors of nickel carbonyl At the end of 
the 30 second interval, the timing switch 
opens the inlet valve and closes the exhaust 
valve, permitting vapors to rush in and fill 
the chamber. After a brief interval of 10 
or 20 seconds, Che iulet valve is closed, the 
exhaust valve opened, and the cycle repeated 



Nickel is deposited to a thickness of !,' 
iuch to 1/8 inch on the pattern substr 
surface, and nickel is found to have < 
posited in the fissures, tapering off, at tb 
bottoms to about half the thickness of ■ 
exposed flat area. In contrast to this, it 



at the bottom. 

EXAMPLE 4. 

55 Jn this example a copper tubing approxi- 
mately 10 feet in length arm having O.D. 
of 3/8 inch and I.D. of 1/4 iach is gas 
plated in the interior wall surface with 
aluminum. This is accomplished by wasbhtg 

60 the tube in grease solvent such as naphtha 
and then heating the tube to about 800*F 
and while thus heated passing hydrogen gas 
therethrough to reduce surface oxides. The 
temperature of the tubing is then lowered to 



500* to 6QG°F and the cleaned and de- 65 
greased tube is subjected to a pulsating 
plating gas comprising vapors of aluminum 
triisobutyl. For the purpose of admitting 
the hydrogen, a three-way valve may be 
used which is operated initially to admit 7<> 
hydrogen gas, then the valve is turned to 
CUt-erf She hydrogen and admit the plating 
gas to the plating chamber. 

The plating artangemcnt, as illustrated in 
Figure 1, is used to plate the interior of the 75 
copper tubing with aluminum. The solenoid 
operated valve is operated continuously by 
a motorized timing switch as heretofore des- 
cribed, whereby the valve is open for 2 
seconds and closed for 5 seconds. The 80 
volume of plating gases is so adjusted that 
the pressure build-up during the 5 second 
interval when the valve is closed is enough 
to generate a puff of gases that tnote than 
fills and flushes the tube when the valve is 85 
opened. The composition of the plating gas 
found useful comprised, by volume, 50% 
argon, 30% isobutySenc gas. 19.75% tri- 
isohutyJ aluminum vapor arid 0.25% oxygen. 

After carrying out • ■ > these DO 

pulsating conditions, for 30 minutes, a de- 
posit of aluminum in the tube of 0.001" 
thickness was obtained, the thickness of the 
deposit varied but about 20% from inlet to 
outlet 95 

EXAMPLE 5. 

A ceramic block is gas plated with iron 
using a pulsating plating gas of iron carbonyl 
vapo'x. 'The ceramic b<xiv is first heated to 
a temperature of between 400'— 500' F 100 
while enclosed in a pressure chamber freed 
of ah and filled with the plating gas, the 
latter comprising a nhxture approximating 
hydrogen 10%. carbon dioxide 65%, and 
containing approximately 25% iron carbonyl 105 
vapor by volume. 

The iron carbonyl plating gas is rapidly 
injected into the gas plating chamber in one 
or two seconds to build up pressure to 200 
pounds per square inch (p.s.i,). At this 110 
pressure and temperatures, the plating rate 
of iron is slow enough to permit plating gas 
mixture to permeate the pores of the ceramic 
body before deposition of the metal takes 
place. After the pressure has bees built up HS 
as described, it is lowered rapidly and rise 
ceramic block allowed to remain at atmos- 
pheric pressure for 10 seconds. Deposition 
of iron then occurs in the interior of the 
ceramic block and in the ports 1'hweat 
the pressure is again rapidly built up to 200 
p.sj. and the cycle repeated until iron be- 
comes deposited throughout the ceramic 
body. 

EXAMPLE 6. 125 
In this instance a mass of copper bails 
approximately one-half inch in diameter is 
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.dating m: described in Ex- 
ample 1. Employing the pulsating gas 
plating method of this invention, nickel 
metal is deposited between the copper bails 
5 to bond the same together. When the gas 
plating was carried out without pupation 
oi the plating gas. substantially ail ih< sac a; 
was deposited at or sear the point where 
the plating gas entered the mass of balls 
10 and was not relatively evenly distributed be- 
tween the balls as when employing the 
pulsating plating gas. 

EXAMPLE 7. 
in this instance a heavy nickel deposit ;s 

15 gas plated on an irregular-shaped plaster 
pattern. The pattern is heated to 300°- -- 
400" F. and contained in an airtight gas 
plating chamber. Plating gases consisting of 
nickel carboayl vapors admixed with helium 

20 carrier ga;; ate passed through the gas 
plating chamber after purging it free of air. 
Pulsations of the gas plating gas is producer! 
by employing a vibratabie diaphragm or 
suitable member, sucrfj as igitstratevi in 

i'5 Hgure 5, and which generates sortie waves. 
These waves consist of alternate rarefactions 
and condensations. The pulsating waves in 
the plating gas chamber move the plating 
gas about tlte irregular contours of the 

30 pattern without which stratification and mm- 
uniform plating tends to occur. 

By the above means substantially un- 
proved coverage of the psttexn is obtained, 
particularly in recesses and corners. 

35 The invention, as heretofore pointed out. 
is concerned with gas plating metals em- 
ploying thermally decomposable metal bear- 
ing compounds. In the specification and 
claims it will be understood that a thermally 

40 decomposable metal plating gas refers to a 
gaseous compound of a metal which de- 
composes when heated to a predetermined 
temperature range. The term plating gas 
connotes a gaseous mixture containing a 

45 thermally decomposable metal bearing com- 
pound, and such as tnay be admixed with 
other gases, such as a reducing gas. eg., 
hydrogen, carbon monoxide, and /or 
reactive carrier gas, for e 

50 dioxide, nitrogen, methane, 
and the tike. 

WHAT WE CLAIM IS:- 

A method of depositing metal on sub- 
surfaces having holes, crevices, small 



strate 
55 voids, cavities 

bores extendi 




onto said surfaces to be plated with metal, 
b -atirjj s ■ srfaces and contacting said <KS 
surfaces with the plating gas while said 
surfaces are at a temperature to cause the 
decomposition of said plating gas and de- 
position of metal thereon, and subjecting said 

itUons 85 

its which said gas pressure is alternately and 
repetitively reduced and increased so that 
in pressure gaseous de- 
composition products formed during the 
plating operation are withdrawn from the 70 
holes, crevices or the like to permit the re- 
entry therein of fresh thermally decom- 
posable gases during a subsequent increase 
m gas pressure, whereby a uniform plating 

-! *>v. irfacc 75 
and the holes, crevices or the like therein. 

2. A method as claimed in Claim 1. 
whereia said pulsating pressure of the plating 
gas is effected by alternately and repetitively 
creating a vacuum in the atmosphere of the 80 
surfaces to be plated with metal. 

3. A method as claimed in Claim I. 
wherein said pahsstisg pressure of the plating 
gas is effected N p mg off 
and on the flow "of the plating gas to the 85 
surfaces being treated. 

4. A method as claimed in Claim 1. 
wherein said pulsating pressure is created by 
sonic waves set up iu said plating gas. 

5. A method as claimed in any pre- 00 
ceding claim, in which said pulsating gas 
contaajs vaporized nickel metal carbcnyls. 

6. A method as claimed in any pre- 
ceding claim, wherein said polsathig gas 
consists of a mixture of metal carbonyi and 95 
nun- reactive carrier gas 

7. A njethod as claimed in any pre- 
ceding claim, wherein said pulsating plating 
gas consists of a mixture of nickel carbonyi 
and carbon dioxide. 100 

8. A method as claimed in any pre- 
ceding claim in which the surfaces to be 
plated are heated to a temperature of ap- 
proximately 400T. 

9. A method of depositing metal on sub- 105 
strate surfaces having holes, crevices, small 
voids, cavities or dead end fissures therein, 
or bores extending therethrough, which 
method is substantially as described with 
reference to tiie accompanying drawings. U0 

For the Applicants: 
F. J, CLEVELAND & COMPANY. 
Chartered Patent Agents. 
Lincoln's Inn Chambers, 
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